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LATERAL AWD DIRECTIONAL STABILITY AND CONTROL 

By William B. Kemp, Jr. and Robert E. Becht 

SUMMARY 

An investigation w a s  m a d e  o f  the law-speed l a t e ra l  and directional 

s t ab i l i t y  and cokrol   character is t ics  of a L s c a l e  model  of a preUmf- 

nary B e l l  X-5 airplane design with various leading-edge-slat and t ra i l ing-  
edge-flap arrangements, The  model w a s  directionally  unstable at high 
lift coefficients, but far   the  lower sweep angles  instability  occurred 
only beyond the   s ta l l .  For all sweep angles,  the  values of effective 
dihedral were moderate at most lift coefficients but became small or 
negative a t  high liFt coefficients. The s l a t s  caused positive  effective 
dihedral t o  be  maintained a t  high lift coefficients  for all sweep angles 
and a full-span slat used on a 60° swept wing w a s  beneficial in reducing 
the  directional  instabil i ty at high angles  of-attack. The directional 
control was adequate t o  trim the model to at l eas t  l5O yaw for  all 
configurations. The aileron  effectiveness was positive up through s t d l  
f o r  a l l  conditions of sweep and the accompanying  yawing moments were 
favorable in   the low angle-of -attack  range. 
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An investigation of t h e ’ s t a b i l i t y  and control characteristics at 
law speed of  a I s c a l e  model  of a preliminary B e l l  X-5 airplane  design 

has  been  conducted i n  the Langley 300 MPH 7- by 10-foot  tunnel. The 
B e l l  X-5 airplane is  a proposed research  airplane  incorporating wings 
having  a sweepback angle  that can be varied continuously between 20° 
and 600. Provision  for  longitudinal  translation of  the wing with  respect 
to the fuselage i s  a l s o  made. 
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The present  paper.  contains  the  res-ults  of..the_  lateral and directional 
stability and control  tests of the model at fou r  sweep  angles  and  wlth 
var~ous leading-edge-slat  and  traillng-edge-flap  arrangements. The 
results of the  Longitudinal  stability  and  control  investigation are 
presented in reference 1. 

P- 

SYMBOLS 

The system of 8xe6 employed,  together with an indication of the 
positive  forces,  moments,  and  angle8,  is.presented in figure 1. The 
symbols used  in  this  paper  are  defined  as folloys:. . - 

C L  lift coefficient  (Lift/qS) 

CX  longitudinal-force  coefficient  (X/qS) 

CY laterd-force coefficient ( Y / ~ s )  

c2 rolling-moment  coefficient (L/qSb) 

c m  pitching-moment  coefficient (M/qSC50) 

Cn  yawing-moment  coefficient (N/qSb)  

X 

Y 

Z 

L 

M 

N 

E50 

C' 

longitudinal  force eopg X - a x i s ,  pounds 

lateral force along Y-axis,  pounds 

force d o n g  Z-ax le  (Lift equa ls  -21, pounds 

rolling  moment  about  X-axis,  foot-pounds 

pitching  moment  about  Y-axis,  foot-pounds 

yawing  moment about Z-axis, foot-pounds 

free-stream  dynamic  pressure, pounds per square foot (p+/2) 

wing area,  square  feet 

wing mean aerdpamfc chord, feet  (based on plan forms 
shown in fig. 2) 

wing mean  aerodynamic  chord at 50' meep, feet 

streamwise  wing  chord,  feet 

.,.-. .- 
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Subscripts: 

Xing chord perpendicular t o  quarter-chord line of 
unswept w i n g ,  fee t  

King span, feet  

free-stream  velocity,  feet per second 

aspect r a t i o  (b2/S) 

m a ~ s  density of air, slugs per cubic foot 

angle of attack of  thrust   l ine,  degrees 

angle of yaw, degrees 

angle of incidence of stabi l izer  with respect t o  thrust 
line, degrees 

control-surface  deflection  measure8in a plane  perpendicular 
t o  hinge line, degrees 

angle of sweepback  of quarter-chord  line of  unswept wing, 
degrees 

e 

a 

r 

f 

lf 

of a 
O d Y  

elevator 

aileron 

rudder 

denotes partial   derivative of a coefficient  with  respect 

APPAFWTUS AND l4ETEoDs 

Description of  Model 

The model used in  the  present  investigation was a L s c a l e  model 

prelimin- Bell X-5 design and must, therefore, be considered 
qualitatively  representative of the B e l l  X-5 airplane. 

4 
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Physical  characteristics of the model are presented i n  figure 2, 
and photographs of the model on the support strut are given a6 figure 3 .  
Figure 4 includes details of the various  slate,  flaps, and spoilers 
investigated. A plain, sealed aileron was instal led Fn the le f t  wing 
( f ig .  2 ) .  The model was constructed UT wood bonded to   s teel   re inforcing 
members. 

The wings w e r e  pivoted about axes normal t o   t h e  wing-chord planes. 
Thus, the wing incidence measured i n  a streamvise  direction waa zero 
for  a l l  sweep angles. A t  all sweep angles,  the wing w a s  located so 
that the quarter chord of the mean aerodynamic chord f e l l  at a fixed 
fuselage station. The  moment reference  center was located at this same 
fuselage station. (See f ig .  2.) 

The Jet-engine  ducting was simulated on the model by the use of 
an open, straight  tube having an inside diameter equal t o  that of the 
Je t   ex i t  and extending f r o m  the nose t o  the j e t   ex i t .  

Tests 

The t e s t s  were conducted i n  the Langley 300 MPH 7- by 10-foot 
tunnel   a t  a  dynamic pressure of 34.15  pounds per square foot which 
corresponds t o  a Mach  number .of 0.152 and a Reynolds number of 2,000,000 
based on the mean aerodynamic chord of  the wing a t  50' sweep for  average 
test conditions. 

During the t e s t s ,  no control was imposed  on the flow quantity 
through the Jet  duct. Measurements made Fn subsequent tests  indicated 
that the  inlet-velocity  ratio  varied between 0.78 and 0.86, the  higher 
values being  observed at low angles of attack. 

Two ty-pes of t e s t s  w e r e  employed for  determFning the   l a te ra l  
characterist ics o f  the model. The paremetere CV, Cy$, and C$ were 
determined f r o m  t e s t s  through the  angle-of-attack  range a t  yaw angles 
of Oo and 5O. The lateral   character is t ics  were also determined from 
tests through a range of yaw angles at constant angle of  attack. 

Corrections 

The angle-of-attack, drag, and pitching-moment resu l t s  have been 
corrected  for  jet-boundary  effects computed on the  basis of unswept 
wings by the methods of  reference 2. Independent calculations have 
shown that the  effects of sweep on these  corrections are negligible. 
All coefficients have been corrected  for blocking by the model  and i t s  
wake by the method of reference 3.  

. 
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.I Corrections f o r  the taze forces and moments producd by the  support 
strut have not been applied. It is probable, however, that   the  signifi-  
cant tme  corrections would be lFmited t o  small increments in pitching 
moment and drag. 

Vertical buoyancy on the  support strut,. tunnel   a i r - f lm misalinement, 
and longitudinal  pressure  gradlent have been  accounted for  in computation 
of the %est data. 

RESULTS AZJD DISCUSSION 

Presentation of  R e s u l t s  

The la te ra l - s tab i l i ty  paxameters and aerodynamic characteristics i n  
yaw for  the  basic  mdel and i ts  component parts  are  presented in  figures 5 
t o  18 with  the wing at varying  desees of sweep.  The effects of  high- 
lift and control  devices on these  parameters and aerodynamic character- 
i s t i c s  are presented as follows: 

Figure 

Effect of s l a t s  . . . . . . . . . . . . . . . . . . . . . .  19 t o  25 
Effect of flaps . . . . . . . . . . . . . . . . . . . . . . .  2 6 t o  29 
Effect of s l a t s  and flaps . . . . . . . . . . . . . . . . . .  30 t o  32 
Directional  control . . . . . . . . . . . . . . . . . . . . .  33 t o  36 
Later&  control . . . . . . . . . . . . . . . . . . . . . . .  37 t o  k 

The aerodynamic coefficients  presented  herein me based on the wing 
area and span of the sweep configuration in question and on the m e a n  
aerodynamic chord o f  the w i n g  at 500 sweep. Thus, the pitching-moment 
coefficients are based on a reference  length which is fixed  in  the 
Fuselage and is independent of  the sweep angle, whereas all other 
coeffFcients  are of the usual form. 

Basic Lateral  StabilLty  Characteristics 

The stat ic- la teral-s tabi l i ty  parameters  determined from t e s t s   a t  
yaw angles of Oo and 5' a;re plotted  against lift coefficient in figure 5 
fo r  the complete basic model with the wing positioned at varying degrees 
of sweep. L i f t  curves f o r  these  configurations are presented in  figure 6 .  
The resul ts  of yaw tests at various angles of attack f0.r the four  sweep 
configurations ake given in figure 7. 

1 

The wing dimensions given i n  figure 2 indicate  that a significant 
reduction  in wing span accompanies an increase in sweep angle.  hasmuch 
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,as the yawing- and.rolling-moment-coefficient values axe dependent on 
span as w e l l  as the  actual moments, the  reductton  in span with  increasing 
sweep mst be kept  in mind -in interpreting  the data presented. Thus, 
the  increase  with sweep of  the  directional  stabil i ty at low and moderate 
l i f t  coefficients, as shown i n  figure 5 ,  may be la rge ly   a t t r ibu ted   to  
the wing-span reduction  with sweep rather  than  to any change in the 
actual moments . I .  

A t  high lift coefficients,  figure 5 indicates  that   directional 
ins tab i l i ty  was encountered at all sweep angles. For the low sweep 
angles, instability  occurred only beyond the stall, but at 60' sweep an 
extensive  range of lift coeff ic ient   in  which direct ional   instabi l i ty  
was experienced  existed below the   s t a l l .   I n  th,is discussjon,  the s ta l l  
i s  considered as the first major break  Fn.the lift curve.  Inspection 
of figure 7(d)  indicates  that this instabil i ty  existed over a wide 
range of  yaw angles. It ma. .  be  observed from figures 5 and 7 that .   the  
loss  in direct ional   s tabi l i ty  was accompanied by a reduction i n  effective 

high meep  angles. . . . . . . . . . . . . . . .  " 

.- 

dihedral. The values  of C decreased and even became negative at 

A t  low lift coefficients,  the  rate  of  increase of  effective  dihedral 
with lift coefficient  increased  with sweep &B would be predicted by 
simple sweep theory. As the lift coefficient, w a s  increased,  the  effective 
dihedral  reached a  peak  and then dropped off: The lif't coefficient  for 
max- effective  dihedral was progressively reduced as sweep increased 
and corresponded rowhly  t o   t h e   l ~ ? t ~ - % o e f f i c $ ~ t  .at which-initial 
separation on the wing occurred (_s_ee pitching-moment and drw data' o f  
reference 1) . It i s probable tha t  at higher  Reynolds numbeys,-the. 
c-orres-pmng init ial   seperation -. " increk.s.$  wduld-be .. in .t;he del&f&d.--f% m&.iG - Saiue - o-&==e.=Fxc coefficiegtg i.ve with a .... .. . 

The contribution  af 'the t a i l   t o   t h e  lateral characterist ics of 

- 
li 

hedral: = -  ' - .  

- ." > "  - " 

. . .. "* 

the model at each sweep angle  investigated i s  presented in   f igures  8 
t o  15. 

For the tail-off t es t s ,   the   ver t ica l  and horizontal   ta i ls  were 
removed as a unit. Thus, at equal  angles o f  attack, comparison of the 
tail-on and ta i l -off . resul ts   indicates  821 increment of liFt coefficient 
representing  the lift .of the  horizontal   tai l .  

A comparison of  figures 10 and 14 show6 a gea te r   d i r ec t iona l  
ins tab i l i ty  of the  wing-fuselage combination and a greater contribution 
of the ta i l  to   d i rec t iona l   s tab i l i ty  f o r  &lo sweep than for 35' sweep. 
Here again, this phenomenon m a y  be a t t r ibuted-largely  to   the  reduct ian 
of  wing span with sweep. It may be observed that  the  increased 
direct ional   instabi l i ty  at high angles of attack  hreviously mentioned 
was experienced t o  some extent  with  the t a i l  removed, especially at 
&lo sweep (f ig .  14 ) .  

" 



. The characteristics  through  the yaw-angle range are  presented in  
figures 16 aad 17 for the  fuselage-tail ccmbination and the f'uselage 
alone. The coefficients  presented axe based on the area and span of 
the .wing  at 60° sweep. In ffgure 18 the lateral characteristics of 
various combinations of model components are  presented 88 a Function 
of angle  of  attack. The data presented  indicate that the wing alone 
and the  fuselage  alone do not  contribute  significantly t o  the directional 
-stabil i ty of the model ut i l fz ing 60° wing sweep. The wing-f'uselage 
and the f'uselage-tail combinations, however, do have large  unstable 
trends at high  angles of attack. Thus, the directional  instabil i ty of 
the ccrmplete d e l  m a t  be a resul t  of the mutual interference between 
the wing, f'uselage, and tail. Although the mechanism of this phenomenon 
is not f'ully underetood at present, it is  probable  that  the unsymmetrical 
stallling of the yawed mept wing,  the sidewash on the   ver t ical  tai l  
caused by the  strong vortex field shed from the Bwept wing, and the 
interference of the  fuselage on the tail at the high angles of attack 
required t o  s t a l l  the swept  wing are all fiqportant factor8 in producfng 
the directional  instabil i ty observed. 

Effect of Slats 

I 

. 

The lift curves  for  the model with various slat locations are 
given i n  figure 19 for sweep angles of 20°, 350, and m0. The l a t e r a l  
characteristics  are  presented  for 20° sweep in  f igure 20, for  35' sweep 
in figures 21 and 22, and f o r  f%O sweep in  figures  23 t o  25. A t  20° swee- 
extension  of the s l a t s   a t  low lift coefficients produced a small increase 
in   direct ional   s tabi l i ty  and a decrease in effective dihedral. For the ' 

higher sweep angles, all slat configurations tested had very little effect  
on the  lateral   characterist ics at low lift coefficients. A t  high lift 
coefficients all slat  configurations were effect ive  in  reducing or 
eliminating the loss in  dihedral  effect which occurred  with slats 
retracted. The slats at 20° sweeg actually caused the  effective  dihedral 
t o  increase at the stall. For 20 and 35O sweep, the slats tested 
increased  the lfft coefficient at which directional  instability  occurred. 
This increase mey be attr ibuted t o  the  increased meximum lift attainable 
w i t h  the slats since  directional  instabil i ty occurred only a f t e r  flow 
separation was f a i r ly  complete. A t  60° sweep, extending  the  entire slat 
to position A again increased  the lift coefficient  for  directional 
ins tab i l i ty  although, i n  this case,  the maxim lift coefficient was 
not increaaed.. The effect  of extending only . the outboard halves of the 
slat, however, was detr imental   to   direct ional   s tabi l i ty   a t  high l i f t  
coefficients . 
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Effect of Flaps 

The lift curves  for the model with flaps A, B, and C deflected 500 
on the wing at 200 sweep and f lap  B deflected 50° on the wing at 60° 
sweep are presented i n  figure 26. The effects  of a SOo deflection of 
flaps A ,  B, and C on the la te ra l - s tab i l i ty  parameters of the model with 
20' sweep are given i n  figure 27. Very little change i n  the directional 
s t ab i l i t y  occurred when flap A or B was deflected  other than t o  delay tlie 
decreased stabil i ty  associated with wing s ta l l  t o  higher lift Coefficients. 
An appreciable  increase  in  directional  stability below the stall  resulted 
f'rom deflection of flap C .  Only moderate changes in  effective  dihedral  
resulted f'rm deflection of any of the  f laps  on the 20°  swept wing. The 
effect  of f lap  B deflected 50' on t he  model  when the xings were st 
60s sweep (fig.  29) was such as t o  produce varying  increases in direc- 
t i ona l   s t ab i l i t y  through the  l if t-coefficient  range.  Instabil i ty was 
thus delayed t o  higher lift coefficients. The effective dihedral w a s  
increased at low lift coefficients by the use of f lap E, but at high l i f t  
coefficients  large  negative  values of effective dihedral were obtained. 

Effect of Slats and Flaps 

L i f t  curves for the model w i t h  the wing swept t o  20°, slats extended, 
Etnd flaps  deflected  are  presented in  figure 30. The l a te ra l -e tab i l i ty  
parameters for  these  configurations are given i n  figure 31.  A caparison 
of figures 31 and 27 shows that deflecting the flaps  did  not  amreciably 
alter the  effects of the slats previously  noted fo r  20° sweep; that is, 
extending  the slats caused an increase in  effective dihedral. at the 
stall, and only minor changes in direct ional   s tabi l i ty  and effective 
dihedral below the stall. 

Directional  Control 

The ef fec ts  of rudder deflection on the aerodynamic characterist ics 
of the model in yaw are given fo r  a sweep mgle of 200 in Figures 33 
and 34 and for  600 sweep i n  figures 35 and 36. The rudder effectivenese, 
that is, the yawing-momcent coefficient produced by a given  rudder 
deflection, was essentially  unaffected by the changes in model configu- 
ra t ion and angle of attack made a t  each sweep angle. "he change i n  
rudder  effectiveness with sweep may be approximately  accounted for  by 
the change i n  uing span with sweep. In each  configuration,  the model 
could be  trimmed at about 150 ;yaw by full rudder deflection  except for 
the 600 sweep, high-angle-of-attack  case  (fig. 36)  in  which the  decreased 
directional stability allowed  higher trimmed y a w  angles. A t  low angles 
of attack,  for which the center of pressure of the ver t ica l  t a l l  was 
above the center of gravity, a negative rolling--nt increment 
accompanied negative rudder  deflections. This trend was eliminated  or 
reversed at higher angles of attack. - 
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The effect  of aileron  deflection on the.aerodynamic  characteristics 
of the model i s  presented f o r  various model configurations i n  figures 37 
to  40. These data were obtained  with only the  left   ai leron  deflected.  
Although the  existence of roll- moments for  zero aileron  deflection 
indicates unsymmetric f low separation from the w i n g s  combined with some 
asymmetry in model construction and mounting, the  incremental  effects 
of aileron  deflection should be essentially independent -of the unsym- 
metrical  conditions. In a l l  cases,  the  ailerons were effective up t o  
and beyond the stall. 

The yawing mments accompanying aileron deflection were favorable 
a t  low angles of attack.  Since  the  favorable yam moments observed 
would not be anticipated for the isolated  wing-aileron combination, it 
is believed ,Ut sidewash  induced a t   t h e   t a i l  by aileron  deflection 
contributed  significantly t o  the ya- nroments of the complete model. 

In view of t h e   p s s i b i l i t y  that aileron  control would became 
inadequate at transonic  speeds, some exploratory tests were made t o  
determine the low-speed characterist ics of spoiler ailerons  located a B  

shown in figure -4. GenyaILy spew, the resu l t s  of these tests 
(figs. 41 and 42) show that  the rolLing moments produced by the  inboard 
spoiler were comparable t o  those  produced by about 20' deflection 
of one aileron. The outboard  spoiler was s l igh t ly  more effective 
a t  20° sweep, but considerably  less  effective at 600 sweep, than  the 
lnboard spoiler. A t  !Xo sweep the  spoilers l o s t  effectiveness  rapidly 
near  the stall with reversal  indicated  slightly above stall. The 
associated yawing moments w e r e  favorable and reasonably  constant up 
t o  about 80 angle of attack. When the w i n g s  were  swept t o  60°, the 
inboard spoiler produced small and va,rying unfavorable yawing moments. 
The yawing mcrments f o r  the  outboard  spoiler were again favorable at  l o w  

.angles of attack. An increase i n  drag at lox angles of attack was . 
exhibited  with a nose-up trlm change f o r  both sweeps ana spoiler locations. 
Although the spoiler configurations  investigated do not necessarily 
represent can optimum spoiler design, further development was not under- 
taken in v i e w  of the  satisfactory  aileron  characteristics  obtained. 
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CONCLUSIONS 
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An investigation at low speed of the  Pateral and direct ional   s tabi l i ty  
and control  of a Tscale model of  a preliminary  Bell X-5 airplane  design 1 

indicates the following  conclusions: 

1. Directional  instabil i ty at high l i f t  coefficients w a a  observed 
f o r  a l l  sweep angles  but  occurred  only beyond the s ta l l  for the lower 
sweep angles. This ins tab i l i ty  is the   resul t  of the mutual interference 
between the  w i n g ,  f'uselage, and t a i l .  

2. For all sweep angles,  the  values of effective  dihedral were 
moderate at most lift coefficients  but became small or negative at 
high lift coefficients. 

3. The slats were effective at a l l  sweep angles in maintaining 
posit ive  effective  dihedral  at high lift coefficients, and +he use of 
full-span slats at 60° sweep w a s  helpful i n  a l leviat ing  direct ional  
ins tab i l i ty  at high l i f t   coe f f i c i en t s .  

4. Rudder control was adequate t o  t r i m  the model t o  at l eas t  15' yaw 
for  al l   configurations.  

5 .  The ailerons were effective up t o  and  beyond the stall, and 
t h e   a i l e r e  yawfng moments were favorable at low angles of  attack. 

Langley Aeronautical  Laboratory 
National Advisory Committee fo r  Aeronautics 

Langley A i r  Force Base, Va.  
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View A-A 
- 

Figure 1.- System of axes and control-surface-deflections. Positive 
values of  forces, moments, and angles are indicated by arrows. , 
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Figure 2.- General arrangement of test model. 
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Figure 2.- Concluded. 
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(a) S l a t  extended; f lap  B; A = 20’. 

(b) Slat extended; f lap C; A = 20’. 

Figure 3. - Views of t e s t  m d e l  mounted i n  tunnel. 
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9 (c) Slat extended; f lap B; A = 20'. 

- (d) Slats retracted; 6f = 0; A = 60°. 
Figure 3. - Concluded. 
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SeMn A-A 

S e f h  A-A 

Shf A Sfaf B 

Figure 4. - De-ils of f l ap ,  slats, and spoilers. 
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Outboard spoiler 

0.25 chord of mswept wing 

O- to 20 
Scafe,inches. 

Figure 4. - Concluded. 
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-4 :2 0 .2 A .6 -8 10 12 1.4 
Lift dfkiiwt, C; 

Figure 6 . -  The effect 'of sweep on the lift curves for the t e s t  model. 
Slats retracted; 6f = oO; it = - . 3O 



Angle of  yaw, x deg 

(a) A = 20'. 

Ffgure 7.- The effect of angle of attack on the aerodynamic character- 
istics in yaw of the test mode l .  slats retracted; sf = 00; it = - $'. 
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(a) Concluded. 

Figure 7.- Continued. 
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(b) Concluded. 

Figure .7. - Continued. 
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( c )  A = 50°. 
Figure 7.- Continued. 
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(c) Concluded. 

Figure 7.- Continued. 
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Figure 7.- Continued. 
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Angk of yow,7J, deg 

(a) Concluded. 

Figure 7.- Concluded. 
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Figure 9.- The effect of angle of attack on the aerodynamic character- 
istics in yaw of the  tes t  m o d e l .  A P 20°; slats retracted; 6f = 0'; 
tail off. - - 
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Figure 9.- Concluded. 
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Figure 10.- The effect of the ta i l  on the lateral-stability parameterm 
of the t e s t  m d e l .  A = 35'; slats retracted; i3f = 00. 
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Figure 11.- The effect  of angle of attack on the aerodynamic character- 
i s t i c s  in yaw of  the t e e t  model. A = 35'; slate retracted; 6f = Oo; 
tail off. 
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Figure 11. - Concluded. 
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Figure 12.- The effect of the t a i l  on the lateral-stability parameters 
of the t e s t  model:. A = wo; S h t S  retracted; 6f = Oo. 
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Figure 13. - The effect of  angle of attack on the aerodynamic character- 
i s t i c s  i n  yaw of the  tes t  model. A = 50'; slats  retracted; 6f = 0'; 
tail off .  - 
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Figure 14.- The effect .of the. tall on the. la teral-s tabi l i ty  parameters 
of the  tes t  model. A = &lo; slats retracted; -6f = 00. 
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Figure 15. - Concluded. 
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- The effect of an&e of attack on the aerodynamic 
in yaw of the fuselage and tail of the test model. 
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Figure 16. - Concluded. 
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Figure 17.- The effect of angle of attack on the aerodynamic character- 
is t ics  in yaw of the fuselage of the' %est model. 
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Figure 17.- Concluded. 
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Figure 18.- The effect of the comgonent model parts on the lateral- 
stabil i ty parameters. A = 60'; skts  retracted; 61 = 0'; it =-  6 . 3O 
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Figure 18. - Concluded. 
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H W e  19.- 'fie effect of sweep on the lift curves for  the t es t  model. 
Slate extended; 6f = oo; it =- . 30 
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Figure 20.- The effect of slat poaition on the  lateral-stability 
parameters of the test model. A = 20'; 6f = Oo; it = - . 30 
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Figure 21.- The effect of slat posi t ion on the lateral-stability 
parameters of the t e s t  model. A = 35’; 6f = Oo; it = - K  3O . 
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Figure 22. - The effect  of angle of attack on the aercdynamic character- 
I s t i c s  i n  yaw of the test model. A = 35O; slat B; 6f = Oo; ft = - 3* . 
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Figure 22.- Concluded. 
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Figure 23.- The effect af.slat position on the  la teral-s tabi l i ty  
parameters of the t e s t  model. A = &lo; 6f = 00; it = - to. 
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Figure 24. - The effect   of   s la t   posi t ion on the aerodynamic character- 
i s t i c s  in yaw of the test model. A = &lo; 6f = Oo; it = - 2 O ;  

u = 23.610. 
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Figure 25.- The effect of slat position on the aerodynamic character- 
istics in yaw of the test m o d e l .  A = ao; 8f = 0'; tall off; 
a = 23.50°. 
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Figure 25. - Concluded. 



Figure 26.- The effect  of  sweep and f lap  configuration on the HFt curves 
for the t e s t  model. Slats  retracted; 6f = 50°; it = -2". 
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(a) Flap A. ' 

Figure 28.- The effect  of angle of attack on the aerodynamic character- 
i s t i c s  in yaw of the tea t  model. A = 20°; slats retracted; Bf = yo; 
it = - -  30 

4 '  
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(a) Concluded. 

Figure 28. - Continued. 



NACA RM L50C17a - 

(b) Flap B. 

Figure 28.- Contfnued, 
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(b) Concluded. 

Figure 28. - Continued. 
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(c) Flap C. 

ngure 28.- Continued. 
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Figure 29.- The effect of flap B on the lateral-stability parameters 
of the test model. A = a0; slats retracted; 6f = 50'; it =- p. - 
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Figure 30.- The effect of flap configuration asd s l a t  posit ion on 
the lift curves f o r  the  tes t  model. A = 20°; 6f = 50°; it = - 
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Figure 31.- The effect,of flap configuration on the lateral-stabflit 
parameters o f t h e   t e s t  model. . A  = 2 0 0 ;  slat A; 8f = 50°; it = -  
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32,- The effect of f lap B on the aerodynamic characteristics 
aw of the t e s t  model. A = 20°; slat B; 6f = Wo; f t  = - Ao. 4 
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Figure 32.- Concluded. 
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m k  of yuw,W; deg 

Figure 33.-  The effect of rudder deflectfon on the aerodynamic character- 
istics in yaw of the t e s t  model. A = 20°; slats retracted; 6f = Oo; 
it = -Zo. a = 0.24O.. 

4 '  . 



a 

. 

73 

Figme 33. - Concluded. 
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Figure 34.- The effect  of rudder deflection on the aerodynamic character- 
. i s t i c s  in yaw of the test model. A = 20°; slat A; flap B; 6f = 50°; 
it =-  6 5 a = ll.€BO. 3 O  
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Figure 34.- Conthued. 
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Figure 34. - Concluded. 
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35.- The effect of  m&er deflection on the a e r o d y n d  
.stics Fn yaw of the t e s t  model. A = 60'; slats retrac 
: 0'; it = -5O; &, = 4.36'. 
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Figure 35.- Continued. 
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Figure 35. - Concluded. 
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Figure 36. - The effect of rudder  deflection on the aerodynamic charac- 
teristics in yaw of the  test madel. A = 6oo; slat A; 6f = 0'; 
it = -5O;  a = 23.54O. 
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Figure 36. - Concluded. 



Figure 37.- The effect of left-aileron deflection on the aerodynamic 
characteristics in pitch of the t e s t  model. A = 20°; slats retracted; 
8f = 00; It = " 3 O  . 
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Figure 37.- Concluded. 
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Figure 38.- The effect of lefi-aileron deflection on the aerodynamic 
characteristics fn pitch of the test model. A = 20'; slat A; 
flap B; Ef = 500; it = - 2'. 4 
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Figure 39. - Continued. 
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Mgure 39. - Concluded. 
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Figure 40.- The effect of left-aileron  deflection on the aerodynamj.c 
characteristfcs Fn pitch of the test model. A = &lo; slat A; 
6f = 00; it = -50. 
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Figure 40. - Continued. 



Figure 40.- Concluded. 
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Figure 41.- The effect of a right-wing apoi le r  position on the aero- 
dynamic characteristics f n  pitch of the t e a t  model. A = 20°; 
slats  retracted; sf = Oo; it = 3O -r 
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figure 41.- Concluded. 



F'igure 42.- The effect of a right-wing spoiler position on the aero- 
dynamic characteristics in  i t ch  of the   t es t  model. A = 60'; s l a t s  
retracted; 6f = 0'; it = -5 8 . 
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Figure 42.- Corcinued. 
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Figure 42.- Concluded. 


